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FRQIRUPHGHVFULWRSRUYiULRVDXWRUHV6yUHFHQWHPHQWHHPSUHJRXVH
DDERUGDJHPPXOWLIUDFWDO1HVWHFRQWH[WRRREMHWLYRGHVWHHVWXGRIRLFRPSDUDURtQGLFHFRPXPHQWHXWLOL]DGRGD
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55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XPFRQMXQWRGHGDGRVSUHYLDPHQWHFROHWDGRV9DOHUHVVDOWDUTXHRH[SHULPHQWRJHUDGRUGRVGDGRVQmRIRLSURMHWDGR
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UHVXOWDGRVPRVWUDUDPTXHRVSDUkPHWURVPXOWLIUDFWDLVIRUDPFDSD]HVGHGHVFUHYHUDFRPSOH[LGDGHGDUXJRVLGDGH
GDVXSHUItFLHGRVRORRFRPSRUWDPHQWRQmROLQHDUGRVLVWHPDEHPFRPRQRIXWXURVHGH¿QLUXPtQGLFHGHPHOKRU
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MULTIFRACTAL APPROACH FOR ASSESSING THE SOIL SURFACE ROUGHNESS
Abstract6RLOVXUIDFHURXJKQHVVLVDQLPSRUWDQWG\QDPLFSURSHUW\WKDWLQFUHDVHVWKHUHWHQWLRQDQGLQ¿OWUDWLRQRI
ZDWHUUHGXFHVWKHYROXPHDQGVSHHGRIUXQRIIDQGLQÀXHQFHVVRLOORVVHVE\ZDWHUHURVLRQ6HYHUDOPDWKHPDWLFDO
PRGHOVKDYHEHHQGHYHORSHGWRGHVFULEHWKHVRLOPLFURWRSRJUDSK\EDVHGRQDURXJKQHVVLQGH[5,DVGHVFULEHGE\
VHYHUDODXWKRUV2QO\UHFHQWO\WKHPXOWLIUDFWDODSSURDFKZDVHPSOR\HG,QWKLVFRQWH[WWKHREMHFWLYHRIWKLVVWXG\
ZDVWRFRPSDUHWKHFRPPRQO\XVHGVRLOURXJKQHVVLQGH[55REWDLQHGXQGHU¿HOGFRQGLWLRQVZLWKWKHUHVXOWVRI
DSSO\LQJPXOWLIUDFWDODQDO\VLVWRDVHWRIGDWDSUHYLRXVO\FROOHFWHG,WLVZRUWKZKLOHWRKLJKOLJKWWKDWWKHH[SHULPHQW
JHQHUDWRURIWKHGDWDZDVQRWGHVLJQHGVSHFL¿FDOO\DLPLQJDPXOWLIUDFWDODQDO\VLV6XFKDQDO\VLVZDVSHUIRUPHGDV
DFRPSOHPHQWDU\WRRODQGWKHUHVXOWVVKRZHGWKDWWKHPXOWLIUDFWDOSDUDPHWHUVZHUHDEOHWRGHVFULEHWKHFRPSOH[LW\
RIWKHVXUIDFHURXJKQHVVRIWKHVRLOWKHQRQOLQHDUEHKDYLRURIWKHV\VWHPDVZHOODVWKHIXWXUHSURSRVDOWRIRXQG
RXWDEHVWGHVFULSWRURIURXJKQHVV
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1. Introdução
$UXJRVLGDGHGRVRORGHVFUHYHDVPLFURYDULDo}HVGDVXSHUItFLHUHVXOWDQWHVSULQFLSDOPHQWHGRVPpWRGRVGH
SUHSDURHGDWH[WXUDGRVROR9iVTXH]HWDO(ODSRGHUHWDUGDUDHQ[XUUDGDSHORDUPD]HQDPHQWRWHPSRUiULR
GHiJXDQDVPLFURGHSUHVV}HVGRVRORGLPLQXLUDYHORFLGDGHHRYROXPHGDPHVPDHDLQGDDXPHQWDUDUHWHQomR
GHVHGLPHQWRVHFRQVHTXHQWHPHQWHDVSHUGDVGHVRORSRUHURVmR$OOPDUDVHWDO&RJRHWDO
2QVWDG%HUWROHWDO
$PDLRULDGRVHVWXGRVVREUHRHIHLWRGDUXJRVLGDGHLQGX]LGDSHORVPpWRGRVGHSUHSDURGRVRORWHPVH
IRFDGRQRVHVWiJLRVLQLFLDLVGDFKXYDHFRQGX]LGRVHPHVFDODODERUDWRULDORXHPSHTXHQDVSDUFHODVRQGHXPDUHGH
GHGUHQDJHPGL¿FLOPHQWHSRGHVHIRUPDU1RHQWDQWRHVWXGRVGHFDPSRHPHVFDODVPDLRUHVVX¿FLHQWHVSDUDR
ÀX[RG¶iJXDDVVXPLUXPDYHORFLGDGHUHDOWHPGHPRQVWUDGRSRXFRHIHLWRGDUXJRVLGDGHVREUHRHVFRUULPHQWRVX-
SHU¿FLDOHPDLRUSHUGDGHVRORHPVXSHUItFLHVFRPPDLRUUXJRVLGDGHHPWHUUHQRVPDLVtQJUHPHV*RPHV1HDULQJ

2PLFURUUHOHYRGR VROR pRSURGXWRGH LQ~PHUDV UHVSRVWDV H LQWHUDo}HVPXOWLHVFDODV HQYROYHQGRYD-
ULDELOLGDGHWDQWRHVSDFLDOFRPRWHPSRUDO9LGDO9iVTXH]HWDO'LYHUVRVPRGHORVPDWHPiWLFRVWrPVLGR
GHVHQYROYLGRVSDUDGHVFUHYHUDPLFURWRSRJUD¿DGRVROR
$QiOLVHVPXOWLIUDFWDLVWrPVLGRXVDGDVLQWHQVLYDPHQWHHPJHRPRUIRPHWULDRXPRGHORVGHHOHYDomRGH
WHUUHQRV'(0PDVDSHQDVUHFHQWHPHQWHQRHVWXGRGHVRORVDJUtFRODV5RLVLQPRVWURXTXHDDQiOLVHPXOWL-
IUDFWDOSRGHHIHWLYDPHQWHGHVFUHYHUDYDULDELOLGDGHGDKHWHURJHQHLGDGHSUySULDGHVRORVDJUtFRODV1HVWHFRQWH[WR
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RREMHWLYRGHVWHHVWXGRpFRPSDUDURVtQGLFHVGHUXJRVLGDGHGRVROR55REWLGRVFODVVLFDPHQWHHPFRQGLo}HVGH
FDPSRFRPRVUHVXOWDGRVGDVDQiOLVHVPXOWLIUDFWDLVGRVPHVPRVGDGRV
5HVVDOWDVHTXHRHVWXGRH[SHULPHQWDOUHDOL]DGRSRU%UDPRUVNLHTXHJHURXRVGDGRVDTXLDQDOL-
VDGRVQmRIRLGHOLQHDGRHVSHFL¿FDPHQWHYLVDQGRVHDUHDOL]DomRGHDQiOLVHPXOWLIUDFWDO(VWDDQiOLVHIRLUHDOL]DGD
FRPRXPDIHUUDPHQWDFRPSOHPHQWDUHSRWHQFLDOPHQWHPDLVVHQVtYHOSDUDVHFRPSUHHQGHURVUHVXOWDGRVREWLGRV
HPIXQomRGDYDULDELOLGDGHHQFRQWUDGD
2. Materiais e Métodos
2.1. Delineamento Experimental
2WUDEDOKRIRLGHVHQYROYLGRHPFDPSRQDiUHDH[SHULPHQWDOGD(0%5$3$3HFXiULD6XGHVWH)D]HQGD
&DQFKLPFRRUGHQDGDV870QRPXQLFtSLRGH6mR&DUORV632VRORQRORFDOGRH[SHULPHQWR
pFRQVWLWXtGRGHXP/DWRVVROR9HUPHOKR$PDUHORÈOLFR$PRGHUDGRWH[WXUDPpGLDHGHFOLYLGDGHGHFXMD
XWLOL]DomRDRORQJRGRVDQRVFRQVLVWLXEDVLFDPHQWHHPH[SHULPHQWRVGHSODQWLRGHDYHLDFRPVHPHDGXUDGLUHWD
$iUHDH[SHULPHQWDOIRLGHOLQHDGDFRPDLPSODQWDomRGHSDUFHODVFRPGLPHQV}HVGHPGHODUJXUDSRU
PGHFRPSULPHQWRSDUDOHODVDRGHFOLYH)RUDPXWLOL]DGRVGRLVWUDWDPHQWRVFRPWUrVUHSHWLo}HVWUrVSDUFHODV
FRPVRORVXEPHWLGRDRSUHSDURFRQYHQFLRQDOVRORFRPVXSHUItFLHUXJRVDHWUrVSDUFHODVPDQWLGDVFRPVRORVHP
SUHSDURVRORFRPVXSHUItFLHOLVD)RUDPDSOLFDGDVFKXYDVVLPXODGDVFRPDXWLOL]DomRGHXPVLPXODGRUGHFKXYDV
GHEUDoRVURWDWLYRV/RPEDUGL1HWRHWDORTXDOFREULDGXDVSDUFHODVVLPXOWDQHDPHQWH)RUDPUHDOL]DGDV
WUrVDSOLFDo}HVVXFHVVLYDVGHFKXYDVVLPXODGDVFRPLQWHUYDORVGHKRUDVHQWUHHODVFRPDVVHJXLQWHVLQWHQVLGD-
GHVFKXYDFRPPPKFKXYDFRPPPKHFKXYDFRPPPK
$UXJRVLGDGHGRVRORIRLDYDOLDGDLPHGLDWDPHQWHDSyVRSUHSDURGRVRORLQFOXVLYHQDVSDUFHODVVHPSUH-
SDURHDSyVFDGDHYHQWRGHFKXYDVLPXODGD7RGDVDVSDUFHODVIRUDPPDQWLGDVVHPFREHUWXUDSRUSODQWDVSDOKDRX
UHVtGXRV
3DUDHIHWXDUDOHLWXUDGDVXSHUItFLHGRVRORIRLXWLOL]DGRXPUXJRVtPHWURDODVHUDFRSODGRDXPFRPSXWDGRU
SRUWiWLOSDUDUHJLVWURDXWRPiWLFRGDVOHLWXUDV'H0DULDHWDO(VWHHTXLSDPHQWRFREUHXPDiUHDGHPðH
GHWHUPLQDDYDULDomRGHDOWXUDVGHGDGRVSRQWXDLVHVSDoDGRVDFDGDFPUHVXOWDQGRHPSRQWRVGHOHLWX-
UD)RUDPUHWLUDGDVGRFiOFXORDV~OWLPDVOLQKDVSDUDDHOLPLQDomRGHSRVVtYHLVLQWHUIHUrQFLDVUHVXOWDQGRHP
SRQWRVGHOHLWXUD2UXJRVtPHWURDODVHUGLIHUHQWHPHQWHGRUXJRVtPHWURGHDJXOKDVFRQVLVWHHPXPDWpFQLFD
QmRGHVWUXWLYDSRVVLELOLWDQGRTXHGLYHUVDVOHLWXUDVVHMDPWRPDGDVHPXPPHVPRORFDO$OpPGLVVRDSUHVHQWDD
YDQWDJHPGHDTXLVLomRGHXPDOWRQ~PHURGHPHGLGDVSRVVLELOLWDQGRPHOKRUDUDHVWDWtVWLFDGRVUHVXOWDGRV
2tQGLFHGHUXJRVLGDGH55VXSHU¿FLDOGRVRORIRLFDOFXODGRSHORPpWRGRSURSRVWRSRU$OOPDUDVHWDO
PRGL¿FDGRSRU&XUUHQFH	/RYHO\RXVHMDDWUDYpVGDPXOWLSOLFDomRGRGHVYLRSDGUmRGRVORJDULW-
PRVGDVHOHYDo}HVSHODPpGLDGDVHOHYDo}HV
)RUDPDQDOLVDGDVDVPRGL¿FDo}HVQDUXJRVLGDGH55GRVRORDSyVRSUHSDURGRPHVPRHDSyVDVFKXYDV
DSOLFDGDV%UDPRUVNLH%UDPRUVNLHWDO
2.2. Análise Multifractal
8PDDQiOLVHGRFRPSRUWDPHQWRPXOWLIUDFWDOIRLDSOLFDGDSDUDFDGDPDWUL]GHGDGRVREWLGRV2HVSHFWURGH
VLQJXODULGDGHPXOWLIUDFWDOIĮIRLFRUUHODFLRQDGRFRPRVSDUkPHWURVGHUXJRVLGDGHGRVROR55SDUDFDGDSDUFHOD
DR¿QDOGHFDGDFKXYDVLPXODGD
3. Resultados e Discussão
2VUHVXOWDGRVREWLGRVHPFDGDSDUFHODIRUDPVXEPHWLGRVjDQiOLVHPXOWLIUDFWDOYLVWRDSRVVLELOLGDGHGH
VHGHWHUPLQDUSDUkPHWURVTXHSRVVDPPHOKRUFDUDFWHUL]DUDPLFURWRSRJUD¿DGRVRORHPWHUPRVGHGLIHUHQoDVHV-
SDFLDLVHKRPRJHQHLGDGHSRVVLELOLWDQGRXPDQRYDSHUVSHFWLYDGHDQiOLVHGRVSDGU}HVYHUL¿FDGRVQHVWHHVWXGR
2HVSHFWURPXOWLIUDFWDOUHSUHVHQWDQGRDGLVWULEXLomRHVSDFLDOGDUXJRVLGDGHpDSUHVHQWDGRQD)LJXUD$
IRUPDGHIĮLQGLFDFODUDPHQWHDSUHVHQoDGHPXOWLIUDFWDOLGDGHGRVLVWHPD
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)LJXUD  D (VSHFWUR PXOWLIUDFWDO IĮ GH XPD SDUFHOD GH VROR FRP VXSHUItFLH OLVD GHVFUHYHQGR R
FRPSRUWDPHQWRGRVLVWHPDVHJXQGRDLQWHQVLGDGHGDFKXYDDSOLFDGDEFGHHE0LFURWRSRJUD¿DVGDPHVPD
SDUFHODHPIXQomRGDVFKXYDVDSOLFDGDV
1D)LJXUDSRGHVHYHUL¿FDUHPXPDGDVSDUFHODVFRPVXSHUItFLHUXJRVDDUXSWXUDQDOLQHDULGDGHDSyV
DVSULPHLUDVFKXYDVFDUDFWHUL]DGDSHORDXPHQWRQRYDORUGH$OSKDHPUHODomRjFRQGLomRLQLFLDODQWHVGDDSOLFD-
omRGHFKXYD
)LJXUD  D(VSHFWURPXOWLIUDFWDO GH XPD GDV SDUFHODV GH VROR FRP VXSHUItFLH UXJRVD GHVFUHYHQGR R
FRPSRUWDPHQWR GR VLVWHPD VHJXQGR D LQWHQVLGDGH GDV FKXYDV DSOLFDGDV E F G H H E0LFURWRSRJUD¿DV GD
PHVPDSDUFHODHPIXQomRGDVFKXYDVDSOLFDGDV
4. Conclusões
2VSDUkPHWURVPXOWLIUDFWDLVDQDOLVDGRVIRUDPH¿FLHQWHVSDUDGHVFUHYHUDFRPSOH[LGDGHGDVXSHUItFLHGR
VRORHRFRPSRUWDPHQWRQmROLQHDUGRVLVWHPD2PpWRGRGHDQiOLVHXWLOL]DGRQHVWHWUDEDOKRWDPEpPGHPRQVWUD
SRWHQFLDOIXWXURSDUDVHGH¿QLUXPtQGLFHTXHPHOKRUUHSUHVHQWDDUXJRVLGDGHGRVRORFRPSDUDWLYDPHQWHDRtQGLFH
FOiVVLFR
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